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Introduction
The sleep problems of children with intellectual disabilities remains a relatively neglected topic in spite of the consistent reports that such problems are common, often severe and persistent with potentially serious effects on both the child and the family (Stores 2010) . The present report focuses on an aspect of an aetiologically distinct group of such children, namely those with Down syndrome (DS).
This group has been the subject of occasional sporadic surveys such as those by Breslin et al (2011) , Carter et al (2009) , Cotton & Richdale (2006) and Stores & Stores (2004) . However, the details of the sleep disturbances associated with this condition, and the need for prompt recognition, warrant further investigation because of their relevance to the healthcare problems of children with DS (van GomerenOosterom et al 2011; McGrath et al 2011) .
Collectively, these surveys indicate various types of sleep problems. As in children in general, sleeplessness is common and usually the result of failure to acquire good sleep habits for various reasons including parenting practices (Mindell et al 2006) . Inadequate or poor quality sleep from whatever cause is likely to lead to daytime sleepiness and underperformance, or hyperactivity from being 'overtired' (Fallone et al 2002) . Lesser mention is made of parasomnias (episodes of sleeprelated unusual behaviours, experiences or movements) although there is reason to expect that these are more common in children with DS than commonly supposed (Stores & Stores in press ). Early recognition and accurate diagnosis of the sleep disorders underlying these various sleep problems are important because of the improvements in learning and behaviour that can be expected following appropriate treatment (Richdale & Wiggs 2005) .
In these surveys, high rates of symptoms and signs suggestive of obstructive sleep apnoea (OSA) have been consistently reported by parents of children with DS. The Royal College of Paediatrics and Child Health SPARCDIC report (2009) suggests that fully diagnosed OSA is a complication in 50% or more of children with DS. Its many potentially serious cognitive, behavioural and other medical consequences, which have been summarised by Rosen (2011) , are largely due to the disruptive effect of OSA on sleep ('fragmentation') which impairs its quality and restorative properties. In view of these adverse effects, the SPARCDIC report recommended regular screening of infants with Down syndrome at an early stage. Similar recommendations have been made by others Primhak & Kingshott 2012) .
The question arises: What are the nature and implications of the variables that might constitute the screening procedure? Carroll and Loughlin (1995a) suggested guidelines for the evaluation of a child with breathing difficulties during sleep. Their basic screening variables included history of snoring, home audio taping and home overnight oximetry. On the other hand, Shott and colleagues (2006) recommended baseline polysomnography (PSG) for young children with DS on the grounds that parental impressions can be misleading. Either way, detailed diagnostic assessment is required when screening raises the possibility of OSA (Gozal & Kheirandish-Gozal 2008) .
The focus of the present study concerns aspects of initial screening as suggested by Carroll and Loughlin, as distinct from PSG which involves more complicated assessment in hospital. In addition, as restless sleep (or 'bed thrashing') has been described on children with OSA (Carroll & Loughlin 1995b) , the nature and significance of this rather ill-defined phenomenon was considered.
The following three questions were addressed:
1. What is the relationship between parental reports of symptoms and signs in their child suggestive of OSA, and objective assessments of night-time restlessness, snoring and the changes of blood oxygen levels which have been associated with OSA .
2. What are the inter-relationships between these objectively measured parameters? 3. Are these three objectively assessed measures as indicators of quality of sleep, impairment of which is considered to be the cause of the impaired learning and behaviour associated with OSA (Owens 2009 ), linked to daytime behaviour problems as reported by parents?
Methods

Participant recruitment
Children with DS were recruited from the mailing list of an educational Down Syndrome trust which provided advice and support to families. An explanatory letter and information sheet were sent to parents with an invitation to take part in the survey. Further details were offered if required. The research was undertaken with the understanding and written consent of each child's parents and with the approval of the first author's research committee.
Assessments (conducted in the families' homes)
General
Characteristics including age, gender, type of schooling and basic medical information were assessed by personal interview and questionnaires.
Subjective assessment of sleep (including restlessness and snoring)
The sleep questionnaire (for completion by parents) used in the present study was that compiled by Simonds and Parraga (1982) which has been used to assess the sleep of other children with a developmental disorder (Johnson et al 2005) . Twenty three items describe the child's general sleeping arrangements and habits, and 26 items concern the frequency of occurrence of various types of sleep disturbance. The sleep disturbance items can be grouped under four general headings: Each item is rated as applying to the child over the previous 4 weeks on the following 6 point scale:
never, less than once a month, about once a month, about once a week, several times a week, or daily.
Objective measures of sleep: body movements during sleep
Actometry records body movements. It has an established place in the assessment of children's sleep patterns (basically indicating periods of sleep or wakefulness) where the details of sleep physiology are not required (Sadeh 2011) . A Gaehwiler Electronic (now Sing Electronic) Activity Monitor was used. This is a compact, wrist watch-like device which has no wires or leads. Its internal sensor triggers bodily movement and the signal is handled and scored by an internal microprocessor. The number of cumulated movements can be recorded over successive periods for as long as two weeks.
A value between 0 (no movement) to 250 (maximum movement) is stored for each successive period.
At the end of the recording period, the device is connected to a computer for the transfer of data.
Analysis can then be performed and a graphic printout produced.
The activity variables used were based on those used by Aubert-Tulkens et al (1987) was also calculated from the parental diaries.
Objective measurement of snoring during overnight sleep
For the purposes of this study and reporting of the findings, the definition of snoring proposed by Lugaresi et al (1994) was used i.e. any clearly defined noise of a vibratory, gasping or snorting type appearing to occur intermittently on inspiration. This inclusive definition was considered appropriate in view of the variety of reported types of noisy breathing during sleep in children with OSA compared with adults (Carroll & Loughlin 1995a) .
Video and audio recordings were carried out using an infra-red Sanyo camera which could record the children asleep overnight in complete darkness, a directional microphone and an Hitachi portable video cassette recorder/replay viewer. An eight hour recording was obtained for each child using a four hour tape and a long play facility. Although each recording did not extend to the full duration of the child's sleep, it was felt that the procedure adopted was the only practical way of obtaining overnight video/audio recordings in the circumstances and capable of providing an adequate and standard sample of sleep events. A time/date generator allowed the time and date to be displayed continuously on the screen for the purpose of data analysis. Each tape was viewed for the full eight hour recording
period. An audio recording data sheet was compiled and each recording was coded for snoring. Each 30 second epoch was coded as either 'snoring' or 'not snoring'. Percentage of 30 second epochs scored as snoring was then computed from time asleep to time woke up for each child separately. Any periods of wakefulness were omitted from the analysis.
Oximetry
The Oxford MPA II system (Oxford Medical Systems) with a Novametrix pulse oximeter (Novametrix Medical Systems) was used to obtain continuous overnight measurements of arterial oxygen saturation. This system records data onto a standard audio cassette tape. Data analysis was carried out using the Oxford Medilog 9000 system (Oxford Medical Systems). A printout contained the following information:
 recording start and end times  total number of dips in oxygen saturation greater than 4% from baseline  desaturation index (defined as number of >4% dips per hour for recording period)
 maximum oxygen saturation  minimum saturation during recording An hypoxic-dip event log was also obtained which contained time of each event, duration of each event (in seconds) and minimum oxygen saturation during each event. In addition, a plot was obtained showing oxygen measurements throughout the recording period.
Measures of daytime behaviour
Two separate behavioural rating scales were completed by parents:
Aberrant Behavior Checklist (ABC) (Community version)
This scale was developed specifically for people with learning difficulties, including children (Aman, Singh, Stewart & Field, 1985) and has been used effectively in studies of patients with DS (Capone et al 2006) .
The ABC is a 58 item questionnaire for rating 'inappropriate and maladaptive behaviour' on the following subscales based on factor analysis (Marshburn & Aman, 1992 In the present study, a total daytime behaviour problem score was calculated. This was the sum of all five subscales.
Parents rate the child over the previous four weeks on each items using a four point scale: 0 = not at all a problem 1 = the behaviour is a slight problem 2 = the problem is moderately serious 3 = the problem is severe
The questionnaire takes about 10 minutes to complete. It has been shown to have satisfactory psychometric properties (Aman & Singh, 1986 ).
Conners Parent Rating Scale (48-item version)
The Conners Parent Rating Scale has been widely used for assessing behaviour problems in children.
This 48-item version yields 5 factors (Goyette, Conners & Ulrich, 1978 It was considered that this factor structure appropriately complemented that of the ABC.
Symptoms are rated on a 4-point scale (0-3). Parents are asked to rate their child on each item as 'not at all a problem', 'just a little', 'pretty much' or 'very much'. Specific item responses are summed to give the 5 factor scores. Adequate reliability and validity has been reported (Conners, 1990) .
Procedure Overnight recording
On the night of the recording, the families were visited by the first author and the procedure was explained to the parents and child. They were shown the equipment and time was spent familiarising the child with each piece of equipment. If the child was not ready for bed, the parents were shown how to start the video recorder and attach the activity monitor and the oximeter later in the evening.
Video and audio recording
The infra-red camera, microphone and portable video cassette recorder were set up in the child's bedroom and the parents were told how to start recording either when the child got into bed or a short while after they had fallen asleep. Parents were asked to make sure their child was in view using the built-in display on the recorder. Parents were also instructed on how to turn off the display so that the light from the display would not disturb or attract the child's attention during the night. Parents were told that the recorder would switch itself off when the recording had finished.
Activity monitor
Each child was shown the activity monitor and told they were to wear it when they were in bed asleep.
The non-dominant hand was used. If parents were not sure which was the non-dominant hand, the left hand was used. If the child did not want the activity monitor to be put on when they were still awake, parents were asked to attach it once the child had fallen asleep. If the child was initially reluctant to try on the equipment, parents and/or brothers and sisters were asked to do so to encourage the child. A 'fake' activity monitor was also used for brothers and sisters to wear, partly to encourage the child with Down syndrome to wear the real monitor and partly to reduce the likelihood of brothers or sisters feeling left out. The activity monitor was kept on all night and removed once the child got up in the morning. If parents were aware of the monitor being removed during the night, they were asked to replace it. They were also asked to make a note of the time put on, time removed, time into bed etc. using the diary provided.
Diary
Parents were asked to complete a diary on the night of the recording indicating the following: 
Oximetry
The oximeter sensor was attached to the child's toe when the child got into bed either by the first author or by parents after instruction, and covered with a sock. As with the activity monitor, if the child did not want the probe attached when they were awake, parents were asked to attach it once the child had fallen asleep. However, all the children were shown the probe beforehand so that they were familiar with the equipment if they woke up in the night and found it attached. Once the probe was attached, the lead was fed out of the bottom of the bed. If removed during the night, parents were asked to replace it and instructed on how to do so. If the child would not allow the parents to attach the sensor, parents were told to leave it off, but to continue with the other measures.
Parents were provided with an instruction sheet which covered the whole procedure. They were also given the first author's telephone number and told to ring at any time, day or night, if they encountered any problems.
Parents were also asked to complete the sleep questionnaire on the night of the overnight recording.
Daytime behaviour
On the morning following the overnight recordings and completion of the sleep questionnaire, the child's primary caregiver (the mother in all cases) was asked to complete the daytime behaviour questionnaires.
Data analysis
Analysis was performed using SPSS. Statistical tests used were t-tests and Pearson's correlation coefficients. Table 1 shows the total number, gender, age, type of school attended and, as provided by parents, basic medical information for the sample.
Results
General characteristics
INSERT TABLE 1
Representative nature of the sample
The current sample was found to be very similar with regards to their general characteristics, sleeping arrangements and habits, and frequency of sleep disorders and behaviours, to a larger sample of 91 children with DS in a separate study (Stores et al 1996) suggesting they were representative of this larger sample and not subject to selection bias.
Sleep questionnaire information Sleeping arrangements & habits, sleep quality, and total sleep time
Information was collected on the children's sleeping arrangements, bedtime routines, use of transitional objects, sleep quality in terms of apparent value of the sleep obtained, whether or not parents had received previous advice for a sleep problem and whether or not they considered their child had a sleep problem and total sleep time. This information is summarised in Table 2 . Table 3 gives an indication of the relative occurrence of sleep disturbances considered to be clinically significant ie. reported by parents to be occurring frequently (daily or several times a week). These disturbances are grouped as problems of initiating and maintaining sleep, features associated with obstructive sleep apnoea, other disturbances during sleep, and sleep related disturbances occurring during the day.
INSERT TABLE 2 Sleep disturbances
INSERT TABLE 3
Parental reports of restless sleep and objective measures from actometry recordings Activity monitor scores were compared for children rated as frequently restless by parents (i.e. several times a week or daily) and children not rated as frequently restless by parents (i.e. never, less than once a month, about once a month or about once a week). The results are shown in Table 4 .
INSERT TABLE 4
The group rated as restless scored higher than the group not rated as restless on all three activity monitor scores. However, this difference reached statistical significance with the MI score only.
Parental reports of snoring and objective measures using audio recordings
The percentage of epochs scored as snoring from the audio tapes were compared for children rated as frequent snorers by parents (i.e. several times a week or daily) and children not rated as frequent snorers by parents (i.e. never, less than once a month, about once a month or about once a week).
The results are shown in Table 5 .
INSERT TABLE 5
The group rated as frequent snorers had a significantly higher percentage of epochs scored as snoring than the non-snorers. Therefore, parents' reports of restless sleep and snoring were supported by objective measures of activity during sleep and audio recording respectively.
Associations between objective measures of restless sleep, snoring and blood oxygen saturation during sleep
Associations between the objective measures of activity, snoring and oximetry were explored using Pearson's correlation coefficients. The results are shown in Table 6 .
INSERT TABLE 6
No significant association was found between objective measures of restlessness during sleep and snoring. Similarly, there was no significant association between objective measures of restlessness and repeated significant reductions in overnight blood oxygen levels. However, a significant association was found between the objective measure of snoring and repeated significant reductions in overnight blood oxygen levels. MI was significantly correlated with FI and mean activity value Associations between total sleep time, objective measures of activity, snoring and blood oxygen saturation during sleep and parents' ratings of daytime behaviour Associations between the total sleep time, objective measures of activity, snoring and oximetry and parents' ratings of daytime behaviour were explored using Pearson's correlation coefficients. The results for the Aberrant Behavior Checklist are shown in Table 7 and the Conners Rating Scale in Table 8 .
INSERT TABLE 7
Total sleep time was significantly negatively correlated with parental reports of lethargy, stereotypies, inappropriate speech and total ABC score. The Mean Activity Value was significantly associated with parental reports of inappropriate speech. Percentage of epoch scored as snoring was significantly correlated with lethargy and desaturation index was significantly correlated with inappropriate speech.
INSERT TABLE 8
Total sleep time was significantly negatively correlated with parental reports of conduct disorder, impulsivity-hyperactivity and anxiety. The Movement Index was significantly associated with parental reports of impulsivity-hyperactivity and anxiety and the Fragmentation Index was significantly associated with impulsivity-hyperactivity. The Mean activity value was significantly associated with conduct disorder.
Discussion
The main findings of this exploratory study were as follows:
1. Good correspondence was apparent between parental reports of restlessness and noisy breathing during sleep and objective measures of activity and audio recording results respectively.
2. No significant association was found between objective measures of restlessness during sleep and snoring, nor were objective measures of restlessness related to reductions in overnight blood oxygen levels. However, the objective measure of snoring was significantly associated with reductions in overnight blood oxygen levels.
3. All three of the objective measures were significantly associated with parental reports of various types of disturbed daytime behaviour.
A number of issues, relevant to further work in this field, arise from the nature of the present study.
(a) Choice of objective variables assessed.
As mentioned earlier, routine screening for OSA in children with DS has been recommended because of its common occurrence in such children and its possible harmful effects on their development. Some accounts of childhood OSA have emphasised parental reports of snoring and restless sleep as important possible indicators of OSA (Carroll & Loughlin 1995b) . This is in contrast to actual apnoeic episodes which, although an important feature of adult OSA, are not necessarily prominent in children with the condition (Marcus 2000) . Some support for the screening value of snoring and restless sleep was provided by the results of a factor analysis of clinical features linked to OSA in children with DS (Stores et al 1998) . Overnight oximetry was included in the present study because its significance in children with suspected OSA did not seem to have been systematically investigated (Carroll & Loughlin 1995b ).
(b) Recording and analysis of objective variables.
As mentioned earlier, for present purposes, snoring was defined as any clearly defined noise of a vibratory, gasping or snorting type occurring intermittently on inspiration (Lugaresi et al 1994) . This includes various types of noisy breathing including gasping or snorting. Clearly, these judgments involve some degree of subjectivity and ideally independent inter-rater reliability would have been determined. For further studies, an automated audio recognition and scoring system could help to improve accuracy and significantly shorten the time required for the manual analysis that was employed.
That only a single night of recording was used raises the possibility of 'first night effects' which, however, have been reported as not a problem with home actometry recordings in children (Sadeh 2011 In routine clinical practice, information about children's sleep has to be based primarily on parental reports. However, such reporting might be inaccurate because parents may not be well placed to observe their child at night, or they may be unaware of what is usual or otherwise about children's sleep . The accuracy of parental reporting has been the subject of little research and opinions have differed. Acebo and colleagues (1994) reported a strong relationship between mothers' reports about timings of their children's sleep and actometry results. On the other hand, Marcus et al (1991) suggested that parents' reports may not be a good guide to the occurrence of OSA in children with DS. The present findings suggest that information from parents can be useful in initial enquiries for screening purposes. Although restless sleep (or 'bed thrashing') has been considered a major feature of childhood OSA (Carroll & Loughlin 1995b) , in the present study restlessness was not significantly associated with the other two objective measures. It may be that some children with DS have restless sleep for reasons other than OSA. Stores et al (1998) suggested that restlessness is significantly associated with repeated night-time waking which could at least be partly the result of a behavioural sleep disorder, and Levanon et al (1999) , on the basis of polysomnographic findings, has described sleep fragmentation (possibly linked to restlessness) in children with DS not wholly attributable to OSA.
There is a need for more refined analysis of 'restless sleep' and the particular aspects of sleep, including respiratory abnormalities, associated with it.
In the present study, recorded snoring was significantly associated with reductions in overnight blood oxygen levels. This lends support to the view that such noisy breathing alone can be associated with disordered sleep physiology (Carroll & Loughlin 1995b) .
The mean oxygen desaturation index of this group of children with DS was significantly more marked than normative values for the children in general. According to the normative data published by Marcus et al (1992) , about 25% of the children with DS in the current sample showed an abnormally high desaturation index. This raises concerns about the respiratory adequacy of these children (whatever the precise diagnosis might be achieved by full diagnostic assessment) and the potentially harmful effects this may have on these children. The exploratory nature of this study has been emphasised. Clearly, there is a need to assess the consistency of the findings by further studies on larger samples of children with DS using the latest forms of appropriate technology. 
